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^ (57) Abstract: A method for producing a Group IH element nitride single crystal, which comprises reacting al least one Group 
S m element selected from the group consisting of gallium(Ga), aluminum(Al) and indium(In) with nitrogen(N) in a mixed flux of 
^ sodium(Na) and at least one of an alkali metal (except Na) and an alkaline earth metal. The method allows the production, with a 
fs| good yield, of the single crystal of a group IH element nitride which is transparent, is reduced in the density of dislocation, has a 

O bulk form, and is large. In particular, a gallium nitride single crystal produced by the method has high quality and takes a large and 
transparent bulk form, and thus has a high practical value. 



WC^04/013385 Al I UI1I IIIIIIII II IIIIll lilli IIIO IIIQ^mli IIIII I1III illll lllll 1111 IIIIIII llli IIII 1111 



BR*5*X!*SBF^f4rt Osaka (JP). st§ fc-tfi (IWA- 
HASHI,Tomoya) [JP/JP]; =f 537-0003 * BE iff *BEitJ 
l^E#B4-1-2 5-3 2 6 Osaka (JP). 1ST 
(MORJSHITAJVlasanori) |JP/JP]; f 565-087 1 *BEJ& 
Hfcfflffi Ujfflfi2-1 ^BE^I^Bf^iftftOsaka 
(JP). 

(74) ftSA: ttlt£S&A*l»l • ittBT> K/<- 

X (IKEUCHI SATO & PARTNER PATENT ATTOR- 
NEYS); ¥530-6026 *BEJff *BEm dtE^5S*glTa8 
#30#OAP$ — 26Pg Osaka (JP). 

(81) (Srt>: AE, AG, AL, AM, AT, AU, AZ, BA, BB, 

BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, CZ, DE, DK, 
DM, DZ, EC, EE, ES, FL GB, GD, GE, GH, GM, HR, HU, 
ID, IL, IN, IS, JP, KE, KG, KR, KZ, LC, LK, LR, LS, LT, 
LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ NI, NO, 
NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, 
SL, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, 
VN, YU, ZA, ZM, ZW. 



(84) ffi&m (J£HE>: ARIPO 4#i^ (GH, GM, KE, LS, MW, MZ 
SD, SL, SZ TZ, UG, ZM, ZW), J.— ^ ->T*#I* (AM, 
AZ, BY, KG, KZ, MD, RU, TJ, TM), 3 — O y /tftWf 
(AT, BE, BG, CH, CY, CZ DE DK, EE ES, FI, FR, GB, 
GR, HU, IE, IT, LU, MC, NL, PT, RO, SE, SI, SK, TR), 
OAPI *#HF (BF, BJ, CF, CG, CL CM, GA, GN, GQ, GW, 
ML, MR, NE, SN, TD, TG). 

— m®mmm&m 

*pcmn -v h0>Mi:M£4iTlt« ra— Kfc BSIf 



(57) mm-. 

(Na) £ > T/W^i;^Jg (Na^^O *3J;tJ ; T^^!J±m^m^ 
^^<t^— ^ir^S^^^^^^ (Flux) ftc:JoVN-C, 
J* ( G a ) „ T $ = (Al) & <fc t/W ^ ^ ? A (In) h ft 

58M>bil#l£*b*:4>&< t^-o^ffl^Tc^^^m (N) £ £ S Jfc 



WO 2004/013385 



PCT/JP2003/008258 



m m m 

10 Isfi/B^ttT&D, SfctfU^A ( G a N) *tftBS*lTVs*. ft 

IM6$t5 £ fc**fft>nT^& (I.Phys. Chem. Sol ids, 1995, 56, 639 
)= L&Vs 1300~1600 C C, 8000~17000a 

tm ($18 0 0~$>1 7 0 OMP a) t V» 5 j&?§i&llffi£&>g£T5. 
15 E©IBHB*#ife'r*fc«>K:, th'J^A (Na) 7 7^^XtTfft)!f 

BlfgSnfc (0»Jx.fcf, *HtttfgrtR 5 8 6 8 8 3 7^), £ £ £n 

JBiIS^6 0 0- 8 0 Ott^iKT^O. SfcJE^fe, »50 
a tm (S55MPa) IttTTtfSil t^TtS. UfrV, <KDlsm 

i 



WO 2004/013385 



PCT/JP2003/008258 



*gfl;#U V&nmmfctzit'Dfcifibtete. MX.*** ftftij^A (Li 

3 N) £#U tS^^tTgWJ ^AfSI&ifi^tS^ 
#*ft#£ftTH*# (Journal of Crystal Growth 247 (2003) 275-278) 
, #6n^i©^t$ai~4mrag^Ti55. c:n&©IBU8«, ft 

ffflBSWS:BfiJc-r§fc©{C, *58W©*1 ©«Jt3fir«stt» IIlSE7G*ft 
<b*m»a©«ifi^T»^T, th'J^A (Na) 7;!/#D&« 
(Na^iO *<ktf:rjU*U±8l&«©il>&< <hfc — Jt©1^77 
vZT, (F 1 u x) sf>fc*ViT> #U £A (G a), (A 1 

) fcJ:tf-f>5>SA (In) ^6&5»^6IRSnm< tfe-^ 
©IIi;BS7G#i:ft* (N) t^MJS^-a-S^ifccfcD, III»!7G*ftrt;*> 

£©£•5^ tMJ«JAt, 7;WAU^JR (Na&RfcO *5«ktf7;i/ 



WO 2004/013385 



PCT/JP2003/008258 



v*7.hYfr% U±«fjfeMO«*!iEtLT©«[^*J|3**tlT^**f % ffi 
5 BBg 1 ©g}ig7jSte, th'J^At, 7;U#U&« (Na?|<) 
tf7;i^U±^&Jl©*J>fc< i %>-#©£«£ ©«<&:7 9 v*XT?*D 

l©«Jfi*i*i, ffiBB#ffl#tf£©*#feffii4Ta>oT, ^©ffljiicJ; 

io <t:«©*«sft*j#sns©T*«. 

^ft<tfe-^F®^l77y^7'f'l:*^T, # U 17 A (Ga), 7;P5 
-»7A (Al) *<fcOt-f>^r7A (In) A>5a5»*61Kgn5^ 
15 — ^©III^TclttM (N) ££fc c fctnilSg 

7c *gfb « © ¥M a $ ^« $ -a- & 7j m & vi t > 1 1 1 M7t mmt m £ * & 

^{CtTlfffe^III]^7C^^tt/^^$^S$i±S^ig7fSTS5 0 

t/©#is^^@jfz?^§ 0 b^t>, ^-©hj£^#£. «*«fcot>a^ 
{'-r^^ifepj^-es^. ^lt, 

*#&iMX©miig&£jt<§mT£3z:£T&s 0 -r^fes, ^©7j 



# 



WO 2004/013385 

PCT/JP2003/008258 

5 

eii (a) ( B ) aft^fu^A©m«SA*«ii-r««©- 

0l©lllJ**$R , $-lM&HT*<5. 

10 H2H, *»W©***tt©-«lcJ:0#6»i«:Jiftj!fy ! >A©JWi* 
©££ft?mR4fc (SEM) ©^*T?fc*. 

m 3 fa, *^Bj©^ig^s©^-©ffi©^j}c «t Qftztat&itftv ^a© 
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plGaNl6 2 0±|j[;[l pit (Au/Tiii) )&*JBj££*lT 
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-d^\z. *mm<Dmmm\z~D^xik®iMtwi£xmw-tz> e 

10 

(siiig^j i ) 

SSiibfc. -?fet>%. tfUS'A, i~bV^A, #;i^>^A£BN±triffite 

An, (n 2 ) ^^fi^T. ^T^^Tinif&jpjEMu ^ 

: 8 0 0t 

W^feJE* (N 2 ):30atm(3. 04MPa) 

wj^i^wi : 9 6 mm 

(IS^fll-ar) 

2PJ£A (Ga) lgCfl, «T©*©f!|-&T> thU-^A (N a 
) t*;i/->>i7A (Ca) tE-g-bfeo 
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t>7'Mo. 


Na:Ca (molJt) 


Na(g) 


Ca(g) 


1. 


9.75:0.25 


0. 85956 


0.038422 


2. 


9:1 


0. 79344 


0. 153688 


3. 


8. 5:1. 5 


0.74936 


0. 230531 


4. 


8:2 


0. 70528 


0. 307375 


5. 


7.5:2. 5 


0.6612 


0. 384219 


6. 


7:3 


0.61712 


0. 461063 



1-6) \z~D^T, &,T<D^mz^V), Sft^>J!>AT^§^i©«i 

eimt. mmmtmmizv-c (Ga : Na mmit) = 3:7) 
mk-%wk<Dmmtt., ytm^-m (edx), h^^^y-ty* ( 
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Gai. oo (g) fc*rrs 

»>^N o. Na:Ca (tM) gfcfl 'J ACP&Jfott (g) 

1- 9.75:0.25 0.09102 

2 - 9:1 0.16016 
3 • 8.5:1.5 0.11704 

4 - 8:2 0.13543 

5- 7.5:2.5 0.13827 

6- 7:3 0.01699 
Jfctfcfl! (Na©*) o. 0 15 4 9 



, D-^Mo. 1 ©¥il&il©«T*rK Ttt, t>yjl/No 

i$li±Tife2 4 5fTS0, £fcJU SEMm ±tJ6 0 0 0« 

(HJgfcl 2 ) 

W^ffi^J (N 2 ) §1 5 a tmlCijtbT, 3fb# U £A©4USS& 
®jgLfe„ fiWA (Ga) lgfcMU thiJ"?A (Na) 0 

19 



# 



WO 2004/013385 

PCT/JP2003/008258 



10 



15 



20 



25 



. 7 4 9 3 6 g, *)VisV& (C a) 0. 1 5 3 6 8 8 g£i3-&Lfc ( 
Na : Ca=9 : 1) 0 ZtlZ&mt, »Jl 

0. 0 6 9 0 2 gT&ofc. 

(H JS#J 3 ) 

***«©*7r-f7i« (14mm, «i 5mm, »*o. 3mm 

*P«Lfc. cn$, BNitfi® (ftligmm, ^$5mm) \ZXtl. $ 
#U*A (Ga), th>J9A (Na), #;i^>£A (Ca) $A 
fit, Hi fc5*-r*B©»ffi»j&Mrtfciz3/ hbfe 

: 8 0 or 

W/&ffi# : 30a tm (3. 04MPa) 
*J5fcl#M : 2 4^Fb1 

Na:Ca = 9:l (# U * A 1 g C^fs^ 
Bl3fc*UT, (A) 5 0 0|©SEM?mt), (B) j&t, 6 
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a & ct # # ; i/ ~> ? a ) £ is & m b * m m & a n > !✓ * m ^ 

A*f 7 7 y £ X ®.J$ik «3T iC T 3. 7 : 1 0 1 & § £ 5 £ L . 

(Na : C a = 9 : 1) ©SEMfI^i4[:*t„ 



N a : C a 






$ 


^AGDiK 


9 . 7 5:0 


. 2 5 




7 


. 5 8 % 


9 . 5:0. 


5 


1 


3 


. 9 4 % 


9 : 1 




1 


3 


. 3 4 % 


8. 5:1. 


5 




9 


. 7 5 % 


8 : 2 




1 


1 


. 2 8 % 


7. 5:2. 


5 


1 


1 


. 5 1 % 


7 : 3 






1 


.41% 


N a^^y^r 








1 . 2 9 % 
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(mmm 5 > 

. mmmx^>uxm^\z, mm^s u ^ Ai.og) ty ^ y ^ x b i j 

^A0.50g*J;^*;i/^^A0.10g)*BlJ6fc^t3|x>>5RitJi|$xn^5r 
10 ,05 

MS \Zm?£?\Z, th'J!)A©*0*^ GaN|g||£/£K:25&B=&± 
15 6 ) 

* a^j; at u a) *mtbtcgsfc*vmwm * a*u x x > i^xm z: 

t ^fcUmt? $> 3 850<C \Z #M L . £ 1^ Bf £ 50mjE * T 

o -£©*3*, ^*^fXEE*50SCJEEK:*^-5GaNn;i.^i|gJi©jRsJstt % ij ^ 

25 m6<DK^mmmwM\zmt£5iz, *<Dm±mt, 2c 
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(mmm 7 > 

. smm. urn • rnxz-feizmftLrc. @7^iti 

« fc^T «fc -5 , M0CVD& Cio TfiBBI L fcGaNg&_h CM800 m© 
10 GaNAVU^H.^j&fiLfc COGaN/U^jBfi©?* 

■0(HrDfcJ:l3«J«LfcGaMK:#LTM*JtT43«O»3fe««aLfc. £fc 

15 3rfi, SffgfeftT^ o (0 9 © S E M?I#,|) 0 
(HJSfcl 8 ) 

^>^^^S§^tW^SST&5800 < Cfc#MLfc.#fi«i:^|^tc^^ 
. MOCVDttK:«fcoT|«JKUfclP$3/im©GaNa£«±fc:jpS2/zB©#|-feS?g 
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(S^fliJ 9 ) 

MiLsSkt (%) Eifcfl_u_£Am&£^ga Lg tm) 

0 2 5 

4 2 0 

15 1 0 15 

15 15 

2 5 io 

40 10 

10 0 io 

20 

25 SsfcJctJW^fcilML Sffti<EffiT?»ofc. 
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(mmm 1 o> 

Gal. Og, 7 ^7 7^7St$BNiSJj§^||;i3i 

3 /im©G a N^HiSr^^bfefeOT^-So Ga i^^f^XO^Ht 
11 Ga: f lux = 2. 7:7. 3 C Life. 77"^7^H Na 
97%Ca3%C^t, NalOOX0*^021«itfc. fit 

» HioHtiu, g^SiAi, je#5o^jge, jbn#k?l&8 0 
O'CT, 9 6«PM©i(g»Wd5«fTt>fc. W^^T^> x*y-;U£*& 
ffiViT, 2§g#>£ML-, 2ti©GaNfiI$f|fc. cnSClig 
S^OViT, 7* h;W5^yiZ>X (PL) SMMLIt. PLltft 
He-Cd (tfi3 25nm) £^>fcf>^3fe£U KiAlOm 

7 7-r7lft±©GaNll©PLi^^Ti5i9 ( *«f0^57tt, 
Na 1 0 O%77>^Xt4^LfcGaNfMl0PLi^l!Sf3 
, T0^77it Na-CaI^777^X0i^§-efe§. PHHid 
n> h o— ;PtJt«LT, Na l 0 0^77y^X©Ga 
N^^(DPL^mit4 7^T$D, N a-C al^777^X0G a 
NSMSftOPLSfi&tt, 8 6fgTibofc. Na-Cal^777 
7X©GaN^iTtt, Na0W75^X0Ga NfeitiS 
n&4 0 0 nm^6 5 7 0 nm0SiT*&nfc7D- H^fcf-^tt, 
li$na;*bf;, Na0*077'^70GaN#^I© 
■SSffe^^iDiSl^, ^tlctDfe> Na-Cal^77-^X0G 



O^fc, Na-Caf^77>^70GaNfiIl;^^T, 2 
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(SIMS) iZ^VJFmW&ffl^fCo ^(Dffegk*, El 1 6 

a£t|fctt}£ftfc^\ Na, Kte&ffl$n&^ofc. ftfc, tfcWSn&C 
fc 

(afe^j 1 1 ) 

Gal. Og, 75y?W (Na), K~A> h (Si), t7y 

. GaiNaOtMtt Ga : Na) =2. 7:7. Ga 
t S i ©^EJl/Jttt, Ga : S i = 100 : 0. 1 f Lt, m 1 

©&«&JBV>, M#;*&3*AU £^5 01)1, 0 O^T 

is > i 5^iB©»ftWj«*ffofc. W/3mTiL i^y-;pt*$fflHT 

, B&eftfc&SiU S i & H-tf>^bfeG aN¥IN&&#ft:. £ <Z> G 

*<SafiS»TteatftT**t^AS. n > h n — )VtLTS i 

20 $H-^L^Wtt, liut3£|^ttfcLTG aNJ^||£gmU ^© 

(«0O 1 2 ) 

25 Ga ©Mffifc l.Ogt-Silfc. Ga £ 7 9 y ^ X <D=E)V)t 

£ Ga:flux = 2.7:7.3 t— j££ V.Z. <D o % 7 7 *j $ XTr& 3 Na t Ca 
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<v^frik(ci/Ka) zmmmizofr zi£T*Mfcts KTwm&n -otcmmv 
g aN^^^©iR^<i:©ig^$Ei 1 7 <Dtf ? y\z7j<~? 0 mmiz&^x, 

^Ait303!©^(Na70^)> 29*fcjiL£ 0 

10 

(mmm 1 3 ) 

15 

(MOVPE^fr) 

: G a (CH 3 ) 3 , NH 3 , H 2 
^fifiS : HOOt 

20 

MEMO VP E*fefc«fc O^fetlfcG aN*JKfc^ViT» £ft$!tt?SS 
»8t (TEM) -tOBriSfciW^fc. 01 8C9TEM 

^M\Z7K-r<k5\Z. N a77<^XTW$nfcGaNTO<5llc, 
PflBMOVPEfefCctSG aN¥t$A*jK<D&ttaf*B'?«, SulHMG 
25 aN^|C#SfeIlTt£. 
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*d€\Z, MIBMO VP E^tCJ: D#e»nfcG aN (Mo-GaN/N 
F-GaN/Mo-GaN) fc^T, PLSUtfcfirofc. PLiHiJjt© 

Vifeit 7 r -f 7 mm±\ZM O V P E STfg G a Nfii 
5 II (MO-GaN) u©±|;Na©*®77y^7TM$nfc 
GaN ^ (NF-GaN/MO-GaN) ill^^TtiPLSJ^^ 
frofeo JICDM^:^, 111 l 9 ©^^tc^f . El^©£5fc, ^-yr-i 
7Sfi0±t^Sn&GaN*«ft*KtMU (MO-GaN), Na 
77^7TM$tlfcGaN™ (NF-GaN/MO-GaN) 
10 0±fcMOVPE8TMlfcGaNJH«ft*|| (Mo-GaN/NF 
-GaN/Mo-GaN) te, 4 «SftV> P L bfc. £©*£ 

6 , *5SW© N a77^X^ffl Vifc^r 6 nfc G a NiH^H, 

bTgfflftlll *©±t, MOVPEiaOiSiSiCDGaN 

15 

SA-h©£-5fc, #»K©afc#y*AJM&fttt, ,8. ft 
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M <D $a m 

, 7;u*u^s (Na$i<) ^i^T)!^ U±llt&M04>&< tfe- 
^i©*!^:?^^* (F 1 ux) ^fl^^T, #U>>A (Ga), 7" )V 
(Al) *3 e fc?>W>^'>A (In) fr%tzZ>mfrt>mfcZtLtz. 
4>tz< th—o<DUmytmtmm (N) t^^Siirs Dili 

2. III^tc^^, ^U-^A (Ga) T&D, 1 1 I^tcS^^®^,^^ 
**, gfttf'J^A (Ga) ^^r B T*§«^lfBigCDMitM 0 

3. TJUAU^M^, U3^A (Li), #U^A (K), ^tf^A 
(Rb), -fe>^ A (C s) *J:DC7 7>>-^A (F r) #6 ftSf^s 

Ca), XhP>^^A (Sr), A'U^A (Br) 43J:<y^^A (R 
a) *>5fc*#a»&a#Sftfc4>fc< — 3T^^,»^]lifB^©M 

5. ^MJ>j7A (Na) £#;1/~>^A (Ca) ©-^tHc^f 3#;i^> 
*A (Ca) ©Jt*j&t, o. l~9 9mo l%(D^iir^§i^4!B 
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6, mmm&y 9 V 2 7s&, th'J^A (Na) tijm (Li) 

7. ±HJ*A (Na) t'Jm (Li) ©^ff-fcaf * »J 5^ A 

(Li)ojt#*t % o. i~9 9 mo i %(Dffi,m-?$>z>m$im6mM<D 

8 . f&BBKJfcftfra*, jfig 1 00-1 2 0 0 "CjE^ 1 00Pa~20 
OMP aT*^»^^i8Bm©^jt^^ 0 

9. stsiLi, (n) &m%7>*&im?2>m$tmimm<DM 

10. g£ (N) (N 2 ) ^X^<fctXT>t^T ( 

nh 3 ) #z<D4>iz< a*>-if'v&zm7itJZ9mwi<Dnmjj&. 

1 1. mm (N) Itr^tfx^ T>^~T (NH 8 ) %X%L<it, 
Ztltmm (N) ^^t©Ji^^XT*SW^]S9fBm©^ii^^ 0 

i2. uimTvmmfcMz^sbmffii,. ^.titzmm^y y ? z 

»ElII*5c**ft**«fcbT«f«:a:lIIJK7n**fl3*Jil»* 

1 2mm<Dmm%m„ 
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i 4. mtu^uim^m^tm^ »iofn?absi^i 2mm 

5 

i6. mum^y^y ?x<piz, F-£>^b£^M^£#£$-& 

10 17. t&fe^MW, (o, mm (ok a*(si), t;p5^- ( 

A1 2 0 8 K -f>S?£A (In), T;l/5^^A (Al), &ftrt>WJ* ( 
InN), ^b^m (SiO,), mit'OWA (ln 2 0 3 )> M$ (ZnK 

(Mg), RfcfcSft (ZnOK tftY^->-)A (MgO) teJzZSff 

(Ge) £>jl&$ftS4>&< <h*> — 1 6 

15 im<Dmmn&. 

18. M0J#ig^<£^S$-&5»^JSlf2m©iS!it^ft o 

i 9. 7)vii v&m$>&tf7)\>ft v±m&m(D'p-t3.< t%—%<D&m 

20 777 2 Z$HZ&^X, 5tf U r>A (G a), X^S^tfA (A 1 ) :fe«fctf 
O-^Adn) *>6&5»^6iU$*l5^ft< £ <D 1 1 1 

(N) i*S«**acifc«kl3III*7C*afl5*OJ|l|Sft*l« 

7 i9flEIIIlS7c*^k;»*«fcLT*ffcft:IIIJfe7C 
25 P^bM^ii£j3:6£-&sgi}i^*£ 0 



31 



WO 2004/013385 



PCT/JP2003/008258 



2 0. IIIS?7C**«, #U#A (Ga) T&D, 1 1 iMTtmmkWMfa 

ttfls^ru^A (Ga) mn«*««i9et<!)Him 

1 9 fa®<Z>i3jfi2f 

1 9mn<Dmmjj&o 

2 5. #£&«IIIife^*sagfttt©s*gtf«, 3 c mM±-e&z>m&m 

1 9|B«©0jg^fe o 

2 6. &£t£Z>\UM7tM&fcmom±&&. 4cma±TS5i*« 

&z-&T&<m&m 1 9fBm©Mjg^^„ 
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2 9. SSfcttat, Ca 3 N 2 , L i 3 N, NaN 3> BN, Si 3 N 4 , 43«fctfInNa> 
SfcS#*>Sa&£ftfcil>fc< ife-OT$5M2 8 iBig^©S!iii3■ 
^1 9f3ifc©£!ii:£i£ 0 

3 1. MaB^«fi«J*«, MsH (CK (0), Si (Si) ( 7Jkt ( 
Al 2 O s K -f>^*A (In), T^S-^A (Al), ^fc-Ov^A ( 
InN), ttfcg* (Si0 2 K mt-OWA (111,0,), S>i& (Zn), V^*>- 
£A (Mgh 8£fbM#& (ZnO), HfbT^^y^A (MgO) & £0?^-? - 
*A (Ge) ^e.^S^SiS^$tlS^^< £%>-^T?&£It2fcJ®3 0 

3 2. T;P*y***J. U^A (L iK tMJ-^A (NaK *y 
^A (K), JHfy^A (Rb)> -fe~>*A (Cs) ? >~>tf A 

(Fr) ;fc5fc£P3&>£,jSjR£n&*!>fc< tfc^TfeO, T)l*V± 
M&Mtfi, %)lzs*yA (Ca), XFn>?-)A (Srh AU^A (B 
r) £<ktf7S?^A (Ra) ^6&*»!}i61jRSnfc^ft< tfe-^ 

3 3. 39M£tt&&/$&$i£r 1 91Btt©Jgjg3fiS 0 



25 3 4. at#3gl 3 3©^ma>fcBB*©«ift#jfete < kr)#Sft& 

III&^*3£<ft;*a9i3MS|| 0 
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3 6. m&&mifil 0 4 /cm 2 ^TT*§|f^3 5 S*<Z)iiMi& 0 

3 7. «iffitfft«ti 0Vcm 2 PiTtfe5lt)g3 5 BBgtoJftfeil. 

3 8. fettSflftfU 0 Vcm 2 IXTT^§»fJS3 5fB^©¥igS„ 

3 9. <gffiM*ti 0 l /cm*KTT*ai»*5|3 5 BBft® J»|N&. 

4 0. i o B /cm 2 PiTt£0, 3 cm^ 

±t&d, awT?/t;pir«©iiiai5£*arfl;«j*nift. 

4 2. **&<Z>53#«5 cmfi(±l?^§»^4 0|B«fe(5[)^ig^ o 
4 3. mtiL&mi/ti o Vcra 2 ^^, **«0*aj&*5 craH 

4 4. 0Vcm 2 KTT^§W4 3 BBftQJgUgA. 

45. tefi«flf*ti o 2 /cm 2 KTt£5TO4 3m^<Dm^m. 
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4 6. «ftttA*tl 0VcmHaTT$5it«4 3f3iOTO. 

4 7. nr^gi 3 4*6 4 em^mai^rBmoumTtmmmmm^ 

5 

So 

10 4 9. pMftiinlWft^^r), MIBM^##: 

5 0. npnlh7>y^if, pnpIh7>W^W 

3 4*^4 6 o^rnj6>fce«oiii*ro«fl5*awj|tita*6»rt 

20 5 1. »*tt*##*©±fc»«tti|i«W:Jiat»j«$n, d©Jh{', 

wa3#«tt^##*©^< tfe— o*»m*gi3 4*64 6 ©urn 

25 

5 2. £6fcS^£WU C©£«©±fcMM#3&;Sh5>$>;^ 
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5 53. nm^mfcm. mmmmm&£zspm*mtem&, z<dm&t* 
mmznTffij&znr^yty-f*-}* (led) m?*<$ts¥m>&mm 

10 5 4. 5 6l;SSStl, ^©S«©±(c^fB^^^'f \*m?ifi 



15 55. niiiii, m'mmi&m&£zti>m¥mfom&. z<DMfcx 
ot, nm=m<z>'j>f3:< th—mtf. m&m3 4^4 6©vi-rn^c 

20 5 6. £ StC^S^t-, ^©S^0±tMfH^^#:lx— y-*^^^ 
Ho 



5 7. plf##lt nM¥#*«t^-&Lyc^-fe>-y-*^^#t? 
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#5 4 6©Virn*M'flB«©III»7c3Ra^«!iaw^i!g|i*»6Jg^$tl 

ftTNfetK ffilB^UE**, m^m3 4*>64 6©V»f n*ifc|B*OIIlMe7c 

5 9. MM 3 4j&>&4 6©V»-rtl^K:|B«©III«E5c*J8fl2*a9! 

*MS*S«»cfflv»T^fi$«fciii3K7c*a{t:<»*J8t**tJ»^4 

7*6 5 8 B2Ji ©¥##!£«. 

6 0. £tt±®IIItt7cMfc4bdS. MOVPEfelU Q/&g$-frfc% 
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FIG.7 
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FIG.9B 
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FIG. 12 
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